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SPECIFICATION 

NOVEL SOLID ACID CATALYST 

FIELD OF THE INVENTION 

The present invention relates to a novel solid acid catalyst obtained 
by using anion nano-sheet comprising lamellar metal oxide layers of 
titanium niobate containing alkali metal ion as a starting material, 
changing said sheet to a proton exchanger, cation exchanging said proton 
exchanger with organic amine or organic ammonium, removing said layers 
so as to prepare a colloidal solution, then re-coagulating and proton 
exchanging said colloidal solution by prepared protonic acid, wherein a 
Ti/Nb atomic ratio z is in the range of l.l<z<1.5. 

DESCRIPTION OF THE PRIOR ART 

Realization of chemical synthesis truly harmonized with environment 
is a fundamental theme for constructing a scientific technique of 21 st 
century reconsidering the problems of energy and environment. Mainly, 
organic reactions which combine carbon with carbon are progressed by 
Lewis acid catalyst. Among said circumstances, designing and construction 
of an acid catalyst which proceeds specifically a peculiar reaction in water, 
which is safe solvent, maintaining an activity of the catalyst is an 
unavoidable factor for the realization of said theme. Considering said 
theme, many researchers are concerning with research and development of 
various Lewis acid catalysts, Br 0 nsted acid catalysts or composite 
catalysts thereby and earnestly trying to develop a high activated "super 
acid catalyst". By these developments, catalytic reactions such as ester 
dehydration condensation or amide dehydration condensation, which were 
impossible by conventional arts, are realized. 

Among these developments, solid acid catalysts such as zeolite or 
perfluorosulfonic acid resin are paid attention from the viewpoint that the 
recovery from a reaction system and reuse are easy, and a "super acid 
catalyst" characterizing by loading pentafluorophenylbis(trifuril)methane 
(C6F5CHTf2) to polystyrene resin is proposed as a solid catalyst which 
progresses organic reaction effectively (Ishihara, K; Hasegawa, A; 
Yamamoto, H. Angew. Chem. Int. Ed. 2001, 40, 4077., Document l). 
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On the contrary, the inventors of the present invention have 
continued the investigation to prepare a solid acid catalyst from polyanion 
nano-sheet. In "Abstract I" of the 81 st annual forum of Japan Chemical 
Society (2002) issued on March 1, 2002, page 165 (3C5-31) (Document 2), a 
trial of designing of a solid acid catalyst which uses polyanion nano-sheet 
and the structure of which is controlled in nano level by constructing a 
self-organized macro molecule and by which liquid phase esterfication 
reaction can be specifically controlled is tried. However, in this trial, only a 
solid acid catalyst obtained by removing, re-coagulating lamellar metal 
oxide of Ti/Nb=l and Ti/Nb=2 is proposed, and in the trial, the element 
ratio of Ti/Nb and activity of solid acid catalyst, especially the activity in 
liquid phase esterfication reaction are not referred at all. Further, in 
"Abstract of Session A" of the 90 th Catalyst Forum of Catalyst Society 
issued on September 10, 2002, page 183 (4E09) (Document 3), the element 
ratio of Ti/Nb and activity of solid acid catalyst are referred, and in said 
document, it is reported that the catalyst is more activated at Ti/Nb=0.818, 
which is smaller value than 1. 

The subject of the present invention is to provide a high effective solid 
acid catalyst which is active than the proposed solid acid catalyst 
mentioned above using a polyanion nano-sheet having alkali metal cation 
between layers, in particular, using a lamellar metal oxide containing 
titanium, niobium and alkali metal. For dissolving said subject, the 
inventors of the present invention have carried out various experiments by 
trial and error as follows. That is, a lamellar metal oxide containing 
titanium, niobium and alkali metal in which blending ratio of titanium a 
niobium is changed is synthesized, then the resulting lamellar metal oxide 
is cation exchanged with organic amine or organic ammonium and layers 
are re-laminated. Two dimensional re-coagulated sheet is prepared by 
adding acid and a liquid esterfication reaction is tried using said two 
dimensional re-coagulated sheet, and it is confirmed that very activated 
solid acid catalyst can be obtained at Ti/Nb ratio z is l<z<1.5, especially at z 
is 1.2<z<1.4, thus the subject of the present invention is dissolved. 

SUMMARY OF THE INVENTION 

The first one of the present invention is, (l) a solid acid catalyst 
represented by HTixNbyOs, wherein x is l.l<x<1.2 and y is 0.9>y>0.8, having 
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a Ti/Nb atomic ratio z of l<z<1.5, obtained by proton changing of alkali 
metal cation of cation changeable lamellar metal oxide in which polyanion 
nano-sheet comprising lamellar metal oxide layers of titanium niobate 
lying alkali metal cation between are regularly laminated by inorganic acid 
or organic acid adjusted to 0.000 1M to 1M, delaminating said laminated 
layers temporarily by inserting cation selected from the group consisting of 
organic amine or organic ammonium between layers of proton exchangers, 
preparing an aqueous colloidal solution comprising metal oxide sheets to 
which said organic amine or organic ammonium is absorbed, then proton 
exchanging said organic amine or organic ammonium by adding inorganic 
acid or organic acid adjusted to 0.000 1M to 1M to said aqueous colloidal 
solution and simultaneously coagulating on titanium niobate nano-sheet. 
Desirably, the first one of the present invention is (2) the solid acid catalyst 
of (l), wherein a Ti/Nb atomic ratio z is 1.2<z<1.4, more desirably the first 
one of the present invention is (3) the solid acid catalyst of (l) or (2), 
wherein organic amine or organic ammonium is at least one selected from 
the group consisting of ethylamine, propylamine or tetrabutylammonium. 
Further desirably, the first one of the present invention is (4) the solid acid 
catalyst of (l), (2) or (3), wherein the surface area of coagulated titanium 
niobate nano-sheet is 10 times or more to the surface area of cation 
changeable lamellar metal oxide proton exchanger and is in the range from 
GOmV 1 to 150 m 2 g V 

The second one of the present invention is an ester dehydration 
condensation catalyst composed of the solid acid catalyst of (l) to (4). 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig.l is the drawing showing the synthesis process of the solid acid 
catalysts represented by numerical marks from 1 to 5. In Fig.l, 1 is the 
protonation process which exchanges interlayer ions of lamellar metal 
oxide with proton in aqueous solution of inorganic acid or organic acid, 2 is 
a process to prepare re-laminated anion nanosheets 3 by inserting organic 
amine or organic ammonium cation between the layers of said lamellar 
metal oxide proton exchanger and re-laminating and forming colloid so as 
to prepare re-laminated anion nano-sheet (2 and 3 of Fig.l). 4 is a process 
showing to exchange absorbed organic cation with proton by adding 
inorganic acid or organic acid to said re-laminated colloidal solution and to 
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re-coagulate on the nanosheet composing solid acid catalyst 5. 

Fig.2 is the powder X ray diffraction spectrum of lamellar metal oxide 
for synthesizing solid acid catalyst of Examples 1 and 2 and Comparative 
Examples 1 and 2 (from the bottom, Comparative Example 1 (lC), 
Example 1 (l), Example 2 (2) and Comparative Example 2 (2C) D and 
synthesized solid acid catalysts therefrom. 

Fig. 3 indicates the relationship between catalyst activity and Ti 
number in catalyst composition when solid acid catalysts synthesized in 
Examples 1 and 2 and Comparative Examples 1 and 2 is used as an ester 
dehydration condensation catalyst and reacted for 6 hours. 

DESCRIPTION OF THE PREFERRED EMBOBYMENT 

The present invention will be illustrated more in detail. 

A. The lamellar metal oxide which synthesizes solid acid catalyst of the 
present invention can be synthesized by baking a precursor comprising salt 
of Ti or Nb ion or metal ion of alkali metal ion or polymer in air at 500°C 
-1500°C. 

B. Process for synthesis of solid acid catalyst is shown in Fig.l. Said 
process is composed of, 

1. Process to exchange interlayer ions of lamellar metal oxide obtained 
in said A with protons in inorganic or organic aqueous solution of 
0.000 1M-1M (1. of Fig 1), 

2. Process to insert 10 times or less amount of organic amine or organic 
ammonium cation to the amount of the lamellar metal oxide proton 
exchanger (2 and 3 of Fig.l) and forming colloidal solution by re-laminating 
from cation exchangeable lamellar metal oxide as a colloid to which said 
organic amine or organic ammonium cation is absorbed (2 and 3 of Fig.l) 
and 

3. Process to exchange absorbed organic cations with protons by adding 
inorganic or organic aqueous solution of 0.000 1M-1M to said re-laminated 
colloidal solution and to coagulate on a titanium niobate nano-sheet (4 of 
Fig.4). 

Said each process can be progressed in room temperature. 

C. As an acid to be used in the protonation process which synthesizes the 
solid acid catalyst, both inorganic or organic acid can be used. 

D. As an organic amine to be used in synthesizing process of the solid acid 
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catalyst, alkyl amines such as ethyl amine, propyl amine or butyl mine can 
be used. And as an organic ammonium, quaternary alkylammonium cation 
such as tetrabutylammonium cation or tetraethylammonium cation can be 
used. 

EXAMPLE 

The present invention will be illustrated more specifically according 
to the Examples, however, not intending to limit the scope of the present 
invention. 

Measuring Apparatus; 

A. Powder X-ray diffraction spectrum of lamellar metal oxide and 
synthesized solid acid catalyst are measured by Powder X-ray 
Diffractometory of Rigaku Co., Ltd. 

B. Surface area of synthesized solid acid catalyst is measured by a Surface 
Area Measuring apparatus of COULTER Co., Ltd. 

Example 1 

Powder mixture of K2CO3, Ti02, Nb20s is prepared by substance 
ratio 1.1:1.1:0.9, and lamellar metal oxide K1.1Ti1.1Nbo.9O5 is obtained by 
calcination of the mixture in air at 800°C for 12 hours. The powder X-ray 
diffraction spectrum of Ki iTii iNbo 9O5 is shown in Fig.2. The surface area 
of K1.1Ti11Nbo.9O5 powder is lm 2 g l . Powder of lamellar metal oxide proton 
exchanger of Hi.iTii iNbo gOsis obtained by dispersing 2g of K1.1Ti1.1Nbo.9O5 
powder in 200mL of 1M nitric acid and penetrated for 14 hours then 
filtrated. 2g of H1.1Ti1.1Nbo 9O5 powder is dispersed in 150mL of distilled 
water and add 15% aqueous solution of tetrabutylammonium hydroxide 
and bring the pH of the aqueous solution to 8- 11 and stirred. During the 
stirring, pH of aqueous solution is maintained 8- 11 by adding 15wt% of 
aqueous solution of tetrabutylammonium hydroxide. After stirring of 24 
hours, white dispersion is obtained. The obtained dispersion is centrifuged 
for lOminutes by 3000 rpm and the colloidal solution of Ti1.1Nbo.9O5 sheet to 
which tetrabutylammonium cation is absorbed is separated as a 
supernatant. When 20mL of 0.1M nitric acid aqueous solution is added to 
30mL of colloidal solution of Tii iNbo.gOs sheet, the colloid of Ti1.1Nbo.9O5 
sheet is precipitated and the coagulation of H1.1Ti1.1Nbo.9O5 sheet is 
obtained. The surface area of H1.1Ti1.1Nbo.9O5 sheet coagulation is 153 m^g* 1 . 
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Said H1.1Ti1.1Nbo.9O5 sheet coagulation is vacuumed for 1 hour at 
150°C, poured into mixed solution of O.lmol of acetic acid and 0.1 mol of 
ethyl alcohol under argon gas atmosphere, stirred for 6 hours at 70°C, and 
amount of generation of ethyl acetate formed by acid catalyst reaction is 
measured by a gas chromatography. Amount of ethyl acetate formed by 6 
hours reaction is shown in Fig.3. It is understood that the generating speed 
of ethyl acetate in H1.1Ti1.1Nbo.9O5 sheet coagulation is approximately 
l.ltimes larger than that of Hi oTii.oNbioOs. 

Example 2 

Powder mixture of K2CO3, Ti02, Nb20s is prepared by substance 
ratio 1.15- 1.15-0.85, and lamellar metal oxide K1.15Ti115Nbo.85O5 is obtained 
by calcination of the mixture in air at 800°C for 12 hours. The powder 
X ray diffraction spectrum of Ki.isTii.i5Nbo8505 is shown in Fig.2. The 
surface area of K1.15Ti1.15Nbo.85O5 powder is lm 2 g l . Powder of lamellar 
metal oxide proton exchanger of Hi 15Ti1.15Nbo.85O5 is obtained by dispersing 
2g of K115Ti1.15Nbo.85O5 powder in 200mL of 1M nitric acid and penetrated 
for 14 hours then filtrated. 2g of Hi.iTii iNbo.905 powder is dispersed in 
150mL of distilled water and add 15wt% aqueous solution of 
tetrabutylammonium hydroxide and bring the pH of the aqueous solution 
to 8-11 and stirred. During the stirring, pH of aqueous solution is 
maintained 8-11 by adding 15wt% of aqueous solution of 
tetrabutylammonium hydroxide. After stirring for 24 hours, white 
dispersion is obtained. The obtained dispersion is centrifuged for 
lOminutes by 3000 rpm and the colloidal solution of Ti1.15Nbo.85O5 sheet to 
which tetrabutylammonium cation is absorbed is separated as a 
supernatant. When 20mL of 0.1M nitric acid aqueous solution is added to 
30mL of colloidal solution of Ti1.15Nbo.85O5 sheet, the colloid of Tii isNbo.ssOs 
sheet is precipitated and the coagulation of Hi 15Ti1.15Nbo.85O5 sheet is 
obtained. The surface area of Hi.isTii.isNbo ssOs sheet coagulation is 143 
m 2 g 1 . 

Said Hi 15Ti1.15Nbo.85O5 sheet coagulation is vacuumed for 1 hour at 
150°C, poured into mixed solution of O.lmol of acetic acid and 0.1 mol of 
ethyl alcohol under argon gas atmosphere, stirred for 6 hours at 70°C, and 
amount of generation of ethyl acetate formed by acid catalyst reaction is 
measured by a gas chromatography. Amount of ethyl acetate formed by 6 
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hours reaction is shown in Fig.3. It is understood that the generating speed 
of ethyl acetate in Hi 15Ti1.15Nbo.85O5 sheet coagulation is approximately 
1.3times larger than that of Hi oTii.oNbioOs. 

Example 3 

Powder mixture of K2CO3, Ti02, Nb20s is prepared by substance 
ratio 1.2- 1.2-0.8 is prepared, and lamellar metal oxide K1.15Ti1.15Nbo.85O5 is 
obtained by calcination of the mixture in air at 800°C for 12 hours. The 
powder X-ray diffraction spectrum of K1.15Ti1.15Nbo.85O5 is shown in Fig.2. 
The surface area of K1.2Ti1.2Nbo.8O5 powder is lm 2 g' 1 . Powder of lamellar 
metal oxide proton exchanger of Hi.isTii.isNbo.ssOsis obtained by dispersing 
2g of K12Ti1.2Nbo.8O5 powder in 200mL of 1M nitric acid and penetrated for 
14 hours then filtrated. 2g of Hi 2Tii ^Nbo sOs powder is dispersed in 150mL 
of distilled water and add 15wt% aqueous solution of tetrabutylammonium 
hydroxide and bring the pH of the aqueous solution to 8- 11 and stirred. 
During the stirring, pH of aqueous solution is maintained to 8-11 by adding 
15wt% of aqueous solution of tetrabutylammonium hydroxide. After 
stirring of 24 hours, white dispersion is obtained. The obtained dispersion 
is centrifuged for lOminutes by 3000 rpm and the colloidal solution of 
Ti1.2Nbo.8O5 sheet to which tetrabutylammonium cation is absorbed is 
separated as a supernatant. When 20mL of 0.1M nitric acid aqueous 
solution is added to 30mL of colloidal solution of Tii ^Nbo sOs sheet, the 
colloid of Ti1.2Nbo.8O5 sheet is precipitated and the coagulation of 
Hi 2Ti1.2Nbo.8O5 sheet is obtained. The surface area of H1.2Ti1.2Nbo.8O5 sheet 
coagulation is 110 m 2 ^ 1 . 

Said H1.2Ti1.2Nbo.8O5 sheet coagulation is vacuumed for 1 hour at 
150°C, poured into mixed solution of O.lmol of acetic acid and 0.1 mol of 
ethyl alcohol under argon gas atmosphere, stirred for 6 hours at 70°C, and 
amount of generation of ethyl acetate formed by acid catalyst reaction is 
measured by a gas chromatography. Amount of ethyl acetate formed by 6 
hours reaction is shown in Fig. 3. 

Comparative Example 1 

Powder mixture of K2CO3, Ti02, Nb20s is prepared by substance 
ratio 1.0-1.0*1.0, and lamellar metal oxide K1.0Ti1.0Nb1.0O5 is obtained by 
calcination of the mixture in air at 800°C for 12 hours. The powder X-ray 
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diffraction spectrum of Ki.oTii .oNbi.oOsis shown in Fig.2. The surface area 
of K1.0H1.0Nb1.0O5 powder is Im 2 ^ 1 . Powder of lamellar metal oxide proton 
exchanger of Hi oTii oNbi oOsis obtained by dispersing 2g of K1.0Ti1.0Nb1.0O5 
powder in 200mL of 1M nitric acid and penetrated for 14 hours then 
filtrated. 2g of H1.0Ti1.0Nb1.0O5 powder is dispersed in 150mL of distilled 
water and add 15wt% aqueous solution of tetrabutylammonium hydroxide 
and bring the pH of the aqueous solution to 8- 11 and stirred. During the 
stirring, pH of aqueous solution is maintained 8-11 by adding 15wt% of 
aqueous solution of tetrabutylammonium hydroxide. After stirring of 24 
hours, white dispersion is obtained. The obtained dispersion is centrifuged 
for lOminutes by 3000 rpm and the colloidal solution of Ti1.0Nb1.0O5 sheet to 
which tetrabutylammonium cation is absorbed is separated as a 
supernatant. When 20mL of 0.1M nitric acid aqueous solution is added to 
30mL of colloidal solution of Ti1.0Nb1.0O5 sheet, the colloid of Ti1.0Nb1.0O5 
sheet is precipitated and the coagulation of H1.0Ti1.0Nb1.0O5 sheet is 
obtained. The surface area of H1.0Ti1.0Nb1.0O5 sheet coagulation is 143 m 2 g l . 

Said H1.0Tii.0Nb1.0O5 sheet coagulation is vacuumed for 1 hour at 
150°C, poured into mixed solution of O.lmol of acetic acid and 0.1 mol of 
ethyl alcohol under argon gas atmosphere, stirred for 6 hours at 70°C, and 
amount of generation of ethyl acetate formed by acid catalyst reaction is 
measured by a gas chromatography. Amount of ethyl acetate formed by 6 
hours reaction is shown in Fig. 3. 

Comparative Example 2 

Powder mixture of K2CO3, Ti02, Nb20s is prepared by substance 
ratio 1.25*1.25*0.75, and lamellar metal oxide K1.25Ti1.25Nb0.75O5 is obtained 
by calcining the mixture in air at 800°C for 12 hours. The powder X-ray 
diffraction spectrum of K1.25Ti1.25Nbo.75O5 is shown in Fig.2. The peak of 
impurity originated from KaTisNbOs at whole range becomes large, while 
the peak of KTiNbOs is confirmed to become small. The surface area of 
K1.25Ti1.25Nbo.75O5 powder is lm 2 g l . Powder of lamellar metal oxide proton 
exchanger of Hi 25lii 25Nbo.7505 is obtained by dispersing 2g of 
K1.25Ti1.25Nbo.75O5 powder in 200mL of 1M nitric acid and penetrated for 14 
days then filtrated. 2g of H1.25Ti1.25Nbo.75O5 powder is dispersed in 150mL of 
distilled water and add 15wt% aqueous solution of tetrabutylammonium 
hydroxide and bring the pH of the aqueous solution to 8- 11 and stirred. 
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During the stirring, pH of aqueous solution is maintained 8- 11 by adding 
15wt% of aqueous solution of tetrabutylammonium hydroxide. After 
stirring of 24 hours, white dispersion is obtained. The obtained dispersion 
is centrifuged for lOminutes by 3000 rpm and the colloidal solution of 
Ti1.25Nbo.75O5 sheet to which tetrabutylammonium cation is absorbed is 
separated as a supernatant. When 20mL of 0.1M nitric acid aqueous 
solution is added to 30mL of colloidal solution of Tii.2sNbo .75O5 sheet, the 
colloid of TL1.25Nbo.75O5 sheet is precipitated and the coagulation of 
Hi 25Ti1.25Nbo.75O5 sheet is obtained. The surface area of H1.25Ti1.25Nbo.75O5 
sheet coagulation is 110 m 2 g* ! . 

Said H1.25Ti1.25Nbo.75O5 sheet coagulation is vacuumed for 1 hour at 
150°C, poured into mixed solution of O.lmol of acetic acid and 0.1 mol of 
ethyl alcohol under argon gas atmosphere, stirred for 6 hours at 70°C, and 
amount of generation of ethyl acetate formed by acid catalyst reaction is 
measured by a gas chromatography. Amount of ethyl acetate formed by 6 
hours reaction is shown in Fig.2. It is confirmed that the generating speed 
of ethyl acetate in Hi 2sTii 25Nbo 75O5 sheet coagulation is slower than that 
of Hi.oTii.oNbioOs. It is obvious that the impurity phase K^TisOi? which is 
formed in the starting material deteriorates the acid catalyst ability. 

INDUSTRIAL APPLICABILITY 

As mentioned above, the present invention provides the excellent 
effect that a solid acid catalyst which is usable for the catalyst of 
dehydration reaction by controlling Ti/Nb atom ratio z and number of Ti 
contained in titanium niobate nano-sheet coagulation. Further, these are 
usable as the base material with possibilities, from the view point that the 
multi functionality of catalyst can be easily designed by embellishing 
polyanion nano-sheet with different kinds of metal ion or cationic complex. 



